Objectives: To characterize the pathogenesis and clinical features of optic disc edema associated with obstructive sleep apnea syndrome (SAS).
1
Patients are typically obese, middle-aged men who have a history of loud snoring and excessive daytime somnolence. In addition to the hypoxia and hypercarbia caused by inadequate respiration, repetitive sympathetic activation during arousal from sleep may cause arterial hypertension, cardiac arrhythmias, and epinephrine-induced platelet activation. 2 These metabolic changes may have several cardiovascular and neurologic consequences. Sleep apnea syndrome has been implicated as a cause of myocardial infarction, 3, 4 stroke, 5, 6 chronic headache, 7 and cognitive dysfunction. 7 Neuro-ophthalmic manifestations include visual field defects, 8 ischemic optic neuropathy, 9 glaucoma, 10 and optic disc edema.
11
The mechanism for the optic disc swelling associated with SAS has not been fully elucidated. We describe 4 patients with disc edema and SAS to better characterize the pathogenesis and the clinical features of this syndrome.
CASE REPORTS

CASE 1
A 20-year-old man was found to have marked loss of vision in the left eye. He denied headache, tinnitus, transient obscurations of vision (TOVs), and diplopia. Findings from his medical history included mild mental retardation, asthma, and morbid obesity (height, 5 feet 7 inches; weight, 373 pounds). Obstructive sleep apnea was diagnosed 2 years earlier and treated with continuous positive airway pressure (CPAP).
Findings from examination showed visual acuity of 20/20 −2 in the right eye and counting fingers at 4 feet in the left. He identified all 15 Ishihara color plates in the right eye and none in the left. The right pupil was briskly reactive, the left sluggish with a 2+ relative afferent defect. Results of Humphrey automated perimetry in the right eye showed a dense inferonasal defect and moderate generalized depression. fundus examination showed bilateral disc edema, mild on the right and marked on the left, with peripapillary hemorrhages in both eyes. There was mild retinal venous engorgement in the right eye, moderate in the left. Computed tomography and magnetic resonance imaging (MRI) scans of head and orbits were normal. Cerebrospinal fluid (CSF) pressure was 16 cm H 2 O with normal findings from measurements of protein, glucose, and cell count. Results of pulse oximetry measurements were normal in room air. Findings from complete blood cell count was normal. The patient was admitted for 24-hour intracranial pressure (ICP) measuring. A Camino fiberoptic ICP monitor (Integra, Redwood, Calif) was placed after obtaining informed consent from the patient. During sleep, findingsfrompulseoximetrydemonstratedrepeatedapneicspells associated with a drop of oxygen saturation to 20% to 52% with an accompanying rise of ICP to 48 cm H 2 O. Acetazolamide treatment was administered, and a tracheostomy was performed. Within 5 days he exhibited dramatic improvement of optic nerve function. Visual acuity improved to 20/ 100 OS, and there was improvement of the visual field in both eyes. Bilateral disc edema was also much improved.
CASE 2
A 60-year-old man experienced onset of visual loss in his right eye on awakening. He denied headache or eye pain, tinnitus, TOVs, and diplopia. Findings from his medical history included obesity, lumbar disc disease, and depression. Obstructive sleep apnea was diagnosed 2 years earlier and treated initially with uvulopharyngeal palatoplasty. Nasal CPAP was added 2 months earlier because of secondary polycythemia.
Three weeks after onset of visual loss, his visual acuity was 20/25 −3 OD and 20/20 OS. He missed 2 of 15 color plates in both eyes. Results of Goldmann perimetry showed an inferior altitudinal visual field defect in his right eye and a full field in his left. There was a 0.9 log unit relative afferent pupillary defect in his right eye. Both optic discs were swollen with an area of segmental pallor superotemporally in his right eye (Figure 1 ). There was mild engorgement of retinal veins bilaterally.
Hemoglobin levels were 183 g/L. Findings from an MRI scan of the head were normal, including no sign of venous sinus thrombosis. The CSF opening pressure was 21 cm H 2 O with normal findings from measurements of protein, glucose, and cell count. He was treated with acetazolamide, 500 mg twice daily, phlebotomy, more aggressive CPAP with decongestants, and a weight reduction regimen. During the next few months, disc edema resolved bilaterally, and optic nerve function showed mild improvement in the right eye (Figure 2) . 
CASE 3
A 40-year-old man noted a dark spot in the temporal field of his left eye unassociated with eye pain or photopias. In addition, he described brief episodes of "snowy vision" inferiorly in his left eye on arising and intermittent pulsatile tinnitus. There was a history of chronic daily headache for several years without recent change. Findings from his medical history included obesity and recently diagnosed hypertension. On examination, visual acuity, color vision, and pupillary responses were normal. Results of Goldmann perimetry showed enlargement of the physiologic blindspot in his left eye. The right optic disc was mildly full; the left, swollen with nerve fiber layer opacification and mild venous engorgement.
Findings from computed tomography of the head and routine blood tests were normal. Lumbar puncture opening pressure was 19.5 cm H 2 O with normal CSF constituents. He was treated with weight reduction diet and exercise and was able to lose 80 pounds over the next 3 years. Disc edema showed improvement though not complete resolution. The patient was then lost to follow-up for the next 4 years. In this interval he regained some of his weight. Sleep apnea was diagnosed 1 year earlier and treated with CPAP. Headaches and tinnitus improved; vision was stable. Findings from neuro-ophthalmic examination showed persistent disc edema in his left eye with normal optic nerve function.
CASE 4
A 58-year-old nonobese man developed a gray spot in the superior field of the right eye. This defect was subjectively stable for a few weeks and then became more dense. He denied headache or eye pain, tinnitus, TOVs, and diplopia. On examination, his visual acuity was 20/30 OD and 20/20 OS. He missed 3 of 17 Ishihara color plates in his right eye and none in his left. Results of Goldmann perimetry demonstrated an inferonasal visual field defect in the right eye and a full field in the left. His pupils were of equal size and briskly reactive with a 0.6 log unit relative afferent defect in his right eye. Both discs were swollen; the right also showed an area of pallor superiorly (Figure 3) . There was mild engorgement of retinal veins in both eyes.
Findings from an MRI scan of the head were normal. His CSF pressure was 23 cm H 2 O with normal constituents. He was treated with acetazolamide, 500 mg twice daily. Further evaluation led to the diagnoses of hypertension and sleep apnea. The latter was secondary to an anatomic variation of the pharynx and was treated with uvulectomy. Findings from follow-up examination 1 month later showed improved disc edema bilaterally and modest improvement of the right optic neuropathy.
SUMMARY OF CASES
Our patient group consists of 4 men ranging in age from 20 to 60 years with obstructive SAS (Table 1) . In 3 pa- tients, SAS was related to obesity; in 1 (case 4), the anatomic configuration of the nasopharynx caused obstruction without associated obesity. All 4 patients had with unilateral visual loss at initial examination. Only 1 patient (case 3) had typical symptoms of increased ICP (headache, tinnitus, and TOVs). Each was found to have bilateral disc edema with asymmetric (case 1) or unilateral (cases 2 and 3) optic nerve dysfunction. Vision was markedly reduced in 1 eye (case 1). The visual field was abnormal in 5 of 8 eyes (Figure 4) . Results of neuroimaging in all 4 patients showed no evidence of mass lesion, hydrocephalus, or venous sinus thrombosis. Daytime CSF pressure measurements were within normal range or only slightly elevated in each case (range, 16-23 cm H 2 O), and findings from CSF studies were normal in all. One patient (case 1) underwent continuous ICP monitoring, which revealed marked ICP elevations associated with periods of apnea and arterial oxygen desaturation. One patient (case 2), had a history of polycythemia with borderline elevation of hematocrit on presentation. Results of complete blood cell counts in other patients were normal. Treatment consisted of CPAP in 3 patients, acetazolamide in 2, pharyngeal surgery in 2, and tracheostomy in 1 ( Table 2) . Three patients (cases 1, 2, and 4) showed improved papilledema (PE) and optic nerve function (quite dramatic in one). In 1 patient (case 3), mild disc edema persisted, but symptoms of increased ICP resolved.
COMMENT
It is well known that sustained elevation of ICP causes PE due to obstruction of retrograde axonal transport at the level of the optic disc. The effect of transient elevations of ICP is less clear. In patients with SAS, daytime measurements of CSF pressure are within normal range, yet these patients can have numerous episodes of marked pressure elevation during sleep ranging from 50 to 750 mm H 2 O, as demonstrated by continuous ICP monitoring. 12 These pressure waves are preceded by and accompanied by apnea with significant reductions of arterial oxygen saturation. Physiologic studies in animals and humans suggest that hypercarbia-induced cerebral vasodilation is the main underlying mechanism for the nocturnal elevation of ICP in this setting. 12 Elevated central venous pressure due to forced expiration against a closed glottis and arterial hypertension may also play a role. In some individuals, this episodic ICP elevation seems to be sufficient to cause persistent PE. For example, Bloomfield et al 13 †Findings from all imaging studies were normal.
